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REPAIR OF LONG-SEGMENT 
TRACHEAL STENOSIS 
IN INFANCY 
Long-segment s enosis of the trachea in infancy is a considerable surgical 
challenge because the infants are generally extremely ill and the airway is 
small. The optimal type of repair is not clearly defined. This report 
summarizes our experience with rib cartilage tracheoplasty done with 
cardiopulmonary b pass. Six patients underwent repair of long-segment 
tracheal stenosis between September 1987 and September 1994. The mean 
age was 14 weeks (range 1 to 58 weeks). Patients had stenosis of at least 
70% of the tracheal length, typically with complete cartilaginous rings. In 
all patients tenosis was repaired by placement of a section of rib cartilage 
as an augmentation patch into the anterior surface of the trachea, which 
had been incised through the entire length of the stenosis. To avoid distal 
airway intubation, we used cardiopulmonary b pass for all procedures, with 
a mean bypass duration of 110 minutes (range 54 to 175 minutes). 
Mechanical ventilation was required for a median of 11 days after the 
operation (range 7 to 81 days), and the median postoperative hospital stay 
was 17 days (range 12 to 180 days). All patients are long-term survivors. 
Complications included the need for extracorporeal membrane oxygenation 
to treat ventricular dysfunction in one patient and graft dehiscence 
requiring revision of the distal graft in another. The latter patient has 
required several treatments with a bronchoscope for removal of granula- 
tion tissue. All other patients are free of symptoms and have normal growth 
with a mean follow-up of 4.7 years (range 5 months to 7.6 years). We 
conclude that rib cartilage tracheoplasty for long-segment tracheal stenosis 
provides excellent results in short and intermediate follow-up. In addition, 
the use of cardiopulmonary b pass allows an unobstructed view of the tiny 
infant airway and thus permits a precise repair. (J THORAC CARDIOVASC 
SURG 1995;110:1504-12) 
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poor outcome? -4The lack of an established therapy 
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for this disorder is attested to by the wide variety of 
therapeutic approaches that have been reported, 
including conservative observation, 4 balloon dilata- 
tion tracheoplasty, 5 resection, TM or augmentation 
tracheoplasty? 1-3° It was not until the early 1980s 
that reports of survival first appeared. 14' 17 In the 
setting of shorter segments of tracheal stenosis, that 
is, less than 50% of the tracheal length, success has 
been reported with segmental resection. TM For 
stenosis involving more that 50% of the tracheal 
length, resection has not been thought o be possi- 
ble. ~1'3~'32 Alternatives that have been applied to 
long-segment stenosis in children include balloon 
dilatation, 5 slide tracheoplasty, 31'32 and augmenta- 
tion tracheoplasty. 11-3° The most successful of these 
approaches has been pericardial patch augmenta- 
tion. 24-27 
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Table I. Results 
CPB Postop. Postop. 
Patient Age Time days on days to Postop. 
No. (wk) (rain) ventilator discharge bronchoscopies 
1 58 133 13 17 
2 5 121 9 17 
3 8 54 10 14 
4 6 86 7 12 
5 4 175 81 180 
6 1 91 12 24 
Mean 110.0 22.0 44.0 
Standard 42.3 
Deviation 
3 
1 
2 
1 
22 
3 
CPB, Cardiopulmonary bypass SD, standard deviation. 
A variety of technical options have been described 
for reconstruction of the trachea. The approach to 
the trachea may be by cervical incision, 31' 32 thora- 
cotomy, 2~ or sternotomy. 16' 24-27 Physiologic gas ex- 
change during tracheal reconstruction has been 
maintained by distal ventilation with a tube that 
crosses the operative field jl' 21, 31, 32 or by cardiopul- 
monary :bypass. I< 19, 2o, 24-27 Numerous materials 
have been used or proposed as augmentation 
patches for the tracheoplasty, including the esopha- 
gus,22, 23 pericardium,24-27 solvent-preserved dura, 21 
periosteum, 3° and cartilage from either chon- 
dra113-21 or auricular sources. This article describes 
our prefi~,rred technique for the management of 
long-segment tracheal stenosis in the infant and 
reviews our experience with six children undergoing 
rib cartilage tracheoplasty performed with the aid of 
cardiopulmonary bypass. 
Methods 
PatientS. During the period from September 1987 to 
September 1994, six infants whose ages ranged from 1 to 
58 weeks i(mean age 14 weeks) with the diagnosis of 
long-segment tracheal stenosis were treated at St. Louis 
Children's Hospital. Specific patient data are shown in 
Table I. (Three of these patients were included in an 
earlier report. 16) The diagnosis was suspected because of 
unexplained respiratory distress, stridor, and difficulty 
with endetracheal intubation for other surgical proce- 
dures. The diagnosis was confirmed by examination with a 
rigid bronchoscope in all cases. In one child (patient 4) 
airway films suggested tracheal stenosis. Computed to- 
mographf~ magnetic resonance imaging, and bronchogra- 
phy were not used. 
Several ,of the children had required mechanical venti- 
lation befbre definitive operative correction of the tra- 
cheal sten)sis, either for respiratory distress in the new- 
born period or for general anesthesia for other 
operations. Associated diagnoses included tetralogy of 
Fatlot in ~,ne child and the combination f patent ductus 
arteriosus i:and imperforate anus in another. Two children 
Fig. 1. Before sternal splitting, a segment of cartilage is 
harvested from the sixth or seventh rib. The cartilage is 
then tailored to correspond to the subsequent tracheot- 
omy. 
had significant respiratory distress necessitating intuba- 
tion in the neonatal period, and one of these required 
extracorporeal membrane oxygenation (ECMO). No 
other bronchopulmonary abnormalities were identified; 
specifically, no patient had  tracheal origin of the right 
upper lobe bronchus or pulmonary agenesis. No vascular 
anomalies (rings or pulmonary artery slings) were de- 
tected, either before or during the operation, and no 
patient had a coexistent tracheoesophageal fistula. Com- 
plete cartilaginous rings were present in five of the six 
patients. 
Surgical technique. All operations were performed in 
the following sequence: After the induction of general 
anesthesia, initial examination with a rigid bronchoscope 
was performed to identify the degree of stenosis and its 
proximal extent. Endotracheal intubation or ventilation by 
means of the bronchoscope was then accomplished. The 
cartilage graft was harvested via the sternotomy incision 
(Fig. 1). Median sternotomy was performed while prelim- 
inary preparation of the cartilage graft was being done. 
The trachea was then dissected and exposed on its ante- 
rior surface. Patients were given heparin and were cannu- 
lated for cardiopulmonary b pass via the right atrium and 
ascending aorta. After the start of bypass the endotracheal 
tube was removed and the bronchoscope was reinserted. 
A 25-gauge needle was then inserted in the midline of the 
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Fig. 2. Exposure of the trachea through a sternotomy is
demonstrated, including the relative positions of bypass 
cannulas and retraction of the great vessels for optimum 
exposure. The distal end of the tracheotomy is typically 
extended all the way to the carina. 
anterior wall at the proximal end of the stenosis, guided by 
bronchoscopic visualization. A scalpel was used to open 
the anterior wall of the stenotic segment down through 
the distal end of the stenosis as identified by the broncho- 
scopic examination (Fig. 2). This incision occasionally 
extended onto the main-stem bronchi. It was notable that 
the external appearance of the trachea often underesti- 
mated the proximal or distal extent of the stenosis, which 
emphasizes the importance of a coordinated approach to 
the tracheal incision with bronchoscopic guidance. When 
the extent of stenosis was clear, the segment of chondral 
cartilage was tailored to a shape and size suitable for the 
tracheotomy. Care was taken to preserve the perichon- 
drium. 
The cartilage graft was then interposed in the trache- 
otomy and secured with interrupted stitches of nonabsorb- 
able monofilament suture (Fig. 3). The graft was placed 
with the perichondrial surface toward the lumen of the 
trachea. Care was taken to avoid exposure of any suture 
material to the lumen of the airway in an attempt o 
minimize the subsequent formation of granulation tissue. 
After completion of the graft suture line, the anesthesiol- 
ogist insutflated air and the suture line was confirmed to 
be airtight with additional sutures placed as necessary. 
The endotracheal tube was removed and a rigid broncho- 
scope was again used to confirm the adequacy of the 
reconstruction a d clear any retained secretions. The tube 
was replaced under bronchoscopic guidance with the 
distal end of the endotracheal tube positioned proximal to 
the distal end of the cartilage graft (Fig. 3). Mechanical 
ventilation was then commenced and the patient was 
weaned from bypass. After heparin reversal, the sternot- 
omy was closed over a mediastinal drain in a standard 
fashion. 
Postoperative care. Details of postoperative care in- 
cluded the maintenance of heavy sedation with the addi- 
tion of muscle relaxants if necessary to minimize the 
motion of the endotracheal tube in the airway. Approxi- 
mately 7 to 10 days after the operation the patient was 
returned to the operating room for examination with a 
rigid bronchoscope after removal of the endotracheal 
tube. If necessary, granulation tissue was removed. If the 
airway was believed to be stable and adequately healed, 
the patient was extubated. If the granulation tissue was 
believed to be excessive or if healing was judged inade- 
quate, the endotracheal tube was replaced and the patient 
was returned to the intensive care unit. This process was 
repeated until extubation was successful. 
Results 
All patients are long-term survivors with fol- 
low-up ranging from 6 months to 7.6 years (Table I). 
Mean bypass time was 110 minutes, with a range of 
less than 1 hour to slightly less than 3 hours. 
Granulation tissue developed in all but one patient. 
However, this was seldom a problem (except in one 
patient, whose case is discussed in more detail later). 
Once the patient was extubated, usually in less than 
2 weeks, the subsequent hospital stay was brief, 
typically 4 to 7 days. Postoperative bronchoscopic 
treatment was needed three or fewer times in all but 
one patient. In late follow-up, all patients are grow- 
ing well and are free of symptoms, with one notable 
exception. Flow volume loops obtained during fol- 
low-up examinations were within normal limits. 
Case descriptions. Patient 1 was a M-month-old 
boy who underwent repair of tetralogy of Fallot at 
13 months of age. The postoperative course was 
notable for respiratory distress believed to be caused 
by tracheitis. After a course of antibiotics his symp- 
toms lessened and he was sent home. At home the 
respiratory distress worsened and he was readmit- 
ted. Bronchoscopic examination confirmed the di- 
agnosis of tracheal stenosis with complete tracheal 
rings. The stenosis extended from just below the 
cricoid to the carina and was repaired with two 
pieces of chondral cartilage. He was extubated on 
postoperative day 13 after removal of minimal gran- 
ulation tissue from the distal suture line. Follow-up 
bronchoscopic study showed no recurrence of the 
granulation tissue. He remains free of symptoms at 
7.6 years of follow-up. 
Patient 2 was a 5-week-old boy who required a 
period of mechanical ventilation at birth for hyaline 
membrane disease. He was able to be weaned from 
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Fig. 3. Placement of the cartilage graft is indicated. The graft is oriented with preserved perichondrium 
placed on the lumenal side and secured with interrupted nonabsorbable monofilament suture. Intraluminal 
suture exposure is avoided and the graft is seated on the tracheotomy, rather than being allowed to 
prolapse into the lumen. The distal end of the endotracheal tube is indicated by a dotted line. Note that this 
is well above the carina and distal end of the graft. 
the ventilator and was discharged to his home, but 
he had recurrent respiratory distress. He was read- 
mitted to the hospital, and bronchoscopic examina- 
tion revealed tracheal stenosis. At operation, the 
stenosis extended from just below the thoracic inlet 
all the way into both main-stem bronchi. The carti- 
lage graft was tailored to extend out onto both 
bronchi. Postoperative bronchoscopic study showed 
no evidence of granulation tissue, and he was extu- 
bated on postoperative day 9. He remains free of 
symptoms at 7.2 years of follow-up. 
Patient 3 was a 2-month-old girl who had progres- 
sive dyspnea and difficulty feeding at home. She was 
admitted for  evaluation of failure to thrive. Chest 
roentgenograms revealed nonspecific infiltrates and 
[ , 
marked s!rldor developed m the hospital. A bron- 
choscopiq study showed tracheal stenosis with com- 
plete traqheal rings. At operation the stenosis was 
found to extend from the thoracic inlet to the carina. 
A postoperative bronchoscopic examination re- 
vealed minimal granulation tissue, which was re- 
moved. She was extubated uneventfully on postop- 
erative day 10 and remains free of symptoms at 5.9 
years of follow-up. 
Patient 4 was a 6-week-old boy who required 
ECMO support shortly after birth for persistent 
fetal circulation. He was weaned from ECMO and 
mechanical ventilation and eventually discharged to 
his home. After a brief stay at home he began having 
progressive respiratory distress. Airway films in the 
emergency room suggested tracheal stenosis, and 
bronchoscopic examination confirmed the diagnosis. 
He was not believed to have complete cartilaginous 
rings when the trachea was opened in the operating 
room. The stenosis was thought o be more compat- 
ible with scar formation resulting from excessive 
endotracheal tube trauma during the period of 
mechanical ventilation and ECMO. After tracheo- 
plasty, a low cardiac output developed, necessitating 
high-dose vasopressors. Ultimately he required 
ECMO, established via a transthoracic approach. 
Echocardiography showed severe biventricular dys- 
function of unknown origin, which improved uring 
the next 4 days. He was weaned from ECMO, and 
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on postoperative day 7 he was able to be extubated. 
He required bronchoscopic removal of granulation 
tissue at the distal anastomosis one more time. At 
the time of discharge the findings from the echocar- 
diogram had returned to normal, and he remains 
free of symptoms at 5.5 years of follow-up. 
Patient 5 was a 4-week-old infant with progressive 
respiratory distress in whom stridor was detected on 
inpatient evaluation of failure to thrive. Examina- 
tion with a bronchoscope confirmed the presence of 
tracheal stenosis beginning 2 cm below the cricoid. 
With the trachea opened, complete tracheal rings 
were observed with an area of significant tracheo- 
malacia t the carina and proximal main-stem bron- 
chi. The distal malacic segment of the trachea 
collapsed on endoscopic evaluation after initial 
placement of a simple cartilage graft. The tracheot- 
omy was therefore closed distally with pericardium, 
which was externally stented with a segment of 
chondral cartilage. The proximal airway was recon- 
structed with a simple cartilage graft. On broncho- 
scopic evaluation at postoperative day 10, however, 
the distal airway was found to collapse with partial 
dehiscence ofthe pericardial patch. The patient was 
returned to the operating room for revision of the 
distal graft with auricular cartilage, which extended 
the graft out onto both bronchi. (Auricular cartilage 
was used because of the need for a fairly small, thin 
patch for the revision and because of previous good 
experience with this material in laryngotracheal 
reconstruction.) The patient then began to have 
recurrent formation of granulation tissue. A trache- 
ostomy tube was inserted when it became apparent 
that repetitive bronchoscopic removal of granula- 
tion tissue would be necessary. He was eventually 
weaned from mechanical ventilation after 22 bron- 
choscopic procedures on the postoperative day 81. 
He was discharged to his home with the tracheos- 
tomy tube still in place but has required several 
subsequent endoscopic debridements of the airway. 
The intervals between procedures has been increas- 
ing, and 1.6 years have now elapsed since the 
tracheoplasty. 
Patient 6 was a 1-week-old boy noted to have 
difficulty with ventilation while intubated after a 
laparotomy for an imperforate anus. A broncho- 
scopic examination confirmed the presence of tra- 
cheal stenosis with complete tracheal rings. Addi- 
tional observations were a patent ductus arteriosus 
and a persistent left superior vena cava. He under- 
went augmentation tracheoplasty via median ster- 
notomy with cardiopulmonary bypass, at which time 
the ductus arteriosus was also ligated. In the post- 
operative period he required one change of the 
endotracheal tube when it became clogged with 
dried secretions. Subsequently he was extubated on 
postoperative day 12 and remains free of symptoms 
6 months after the operation. 
Discussion 
In the past 15 years the management of long- 
segment tracheal stenosis in infancy has evolved and 
improved significantly, as a variety of surgical ap- 
proaches and numerous ources of tissue for tra- 
cheal augmentation have been used. This formerly 
hopeless disorder can now be approached with some 
degree of optimism, with reported survival of 70% 
to 90% in recent series. TM 24, 25 Nonetheless, even 
these series are less than ideal both in terms of 
operative survival and because of the frequent need 
for repeated interventions to remove granulation 
tissue and the necessity for tracheostomies forlong- 
term stenting. 24The present series compares favor- 
ably with historical results with 100% survival, fewer 
postoperative interventions, and less morbidity. The 
two most attractive alternative strategies are peri- 
cardial tracheoplasty and slide tracheoplasty. 
The most commonly reported alternative to rib 
cartilage augmentation has been the use of autolo- 
gous pericardium. 24-27 The technique was originally 
described by Idriss and associates 27 and involves 
sternotomy, cardiopulmonary b pass for gas ex- 
change, and suspension ofthe pericardial patch with 
sutures to prevent patch prolapse into the lumen. 
This experience was updated in 199425 and now 
includes 18 patients with 15 hospital survivors 
(83%). The three deaths were attributable tomedi- 
astinitis, graft disruption, and recurrent stenosis. Six 
of the 15 survivors required tracheostomy (40%), 
two for distal stenting and four for management of 
secretions with carinal stenosis. Postoperative bron- 
choscopic treatment was common in the survivors, 
with the mean number of procedures per patient 
being 16 for those with stenosis extending to the 
carina and 16.8 for those with stenosis extending 
into the bronchi. A smaller series was reported in 
1991 by Heimansohn and associates 24 using the 
same technique. Eight of their seven patients were 
operative survivors (88%), with two of seven (29%) 
requiring either tracheostomy or prolonged me- 
chanical ventilation. 
Advantages of pericardium as a patch material 
include its pliability and ease of handling, which 
contribute to a tight seal with an airtight suture line. 
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The material is also readily available and plentiful. 
Except for pliability, all of these attributes also 
describe costal cartilage as used in this series. A 
notable disadvantage of pericardium as a tracheal 
graft is its collapsibility. Idriss, 27 Heimansohn, 24and 
their colleagues reported the suspension of the graft 
to anterior mediastinal structures with suture mate- 
rial to create a sort of external stent. The endotra- 
cheal tube then provides an internal stent. In con- 
trast, cartilage grafts are more rigid, and in this 
series the endotracheal tube was purposely not 
advanced to the distal end of the graft. This was 
possible because of the "auto-stenting" feature of 
cartilage and may explain the low incidence of 
permanent tracheostomies required in our series 
(1/6, 15%~. We believe the more proximal position- 
ing of the tube allowed by a cartilage graft provides 
for significantly less endotracheal trauma in the 
carinal region and thus may explain the low inci- 
dence of troublesome granulation tissue seen in our 
series in  contrast to experience with pericardial 
grafts. 25 With the exception of one patient, all of our 
patients required three or fewer postoperative bron- 
choscopic treatments in contrast o the mean of 16 
or 17 reported with the pericardial grafts. 25 Thus the 
cartilage appears to require much less postoperative 
"maintenance" and, in general, to be a more trou- 
ble-free graft. 
A novel technique for the management of long- 
segment tracheal stenosis is slide tracheoplasty, pro- 
posed by Tsang and colleagues 32 and used by 
Grillo. 31 In this technique, which is accomplished by 
cervical incision or thoracotomy, the trachea is 
divided transversely through the middle of the ste- 
nosis. Distal ventilation is used for gas exchange. 
The two ends are spatulated by a longitudinal s it on 
the anterior surface of one end and posterior sur- 
face of the other end. (Tsang and coworkers applied 
the posterior longitudinal split to the distal segment 
and Grillo to the proximal segment.) The spatulated 
ends are then advanced over each other and anas- 
tomosed together in an extended end-to-end fash- 
ion. Stents are not used. In the original description 32
the case histories of two infants were reported, one 
aged 3 months and one aged 10 months. The older 
child died of pneumonia fter the operation. The 
younger infant survived with normal flow volume 
loops in follow-up. In Grillo's report, 31 two small 
children, aged 3 months and 3 years, were included 
with good functional outcome. Two young adults 
were also described in Grillo's report with good 
symptomatic outcomes and significant improvement 
in results of pulmonary function testing. Whether 
their stenoses were as severe as is seen in infants is 
not certain. 
Purported or potential advantages of slide tra- 
cheoplasty in comparison with either cartilage or 
pericardial augmentation i clude the avoidance of 
graft material, avoidance of stenting, and avoidance 
of the formation of granulation tissue. Although all 
of these are desirable, the actual advantages of slide 
tracheoplasty await wider application to larger series 
of young patients, because the combined reported 
experience in children under age 5 years includes 
only four patients9 ~'32 The growth potential of the 
long suture line may be as good as has been seen 
with augmentation but remains peculative. Grillo 31 
has suggested that the most important advantage of 
slide tracheoplasty may be the avoidance of nonepi- 
thelial tissue in the airway, which he believes to be 
the explanation for the excessive granulation tissue 
seen with pericardial grafts. DeLorimier and col- 
leagues 11 have suggested that granulation is likely 
with cartilage grafts involving 30% or more of the 
luminal circumference. In this series granulation 
tissue was not a problem for five of the six patients 
(83%). In the one child who did require multiple 
debridements of granulation tissue, we believe this 
was a result of the unfortunate combination of distal 
malacia nd proximal stenosis, use of pericardium as 
a component of the distal augmentation graft, and 
the excessive operative manipulation required dur- 
ing the reoperation. Rapid epithelialization of car- 
tilage grafts in the airway has been demonstrated in 
our laboratory in a rabbit model, with complete 
epithelialization f auricular cartilage in 7 days and 
rib cartilage in 14 days. 34 Thus the avoidance of 
mesenchyme in the airway may be less important 
than has been suggested by Grillo. 31 Other features 
of slide tracheoplasty, such as early extubation, are 
attractive if they can be confirmed in larger series of 
patients. We do have some hesitation about the 
technique in more extensive stenoses involving the 
bronchi. Grillo 31 suggested that additional operative 
procedures may be required in the patient from his 
series who had bronchial stenosis, and this need for 
additional operations may confine the application of 
slide tracheoplasty o simpler tracheal stenoses. 
A continuing area of discussion in tracheal sur- 
gery in children has been the use of cardiopulmo- 
nary bypass. We and others 16' 19, 20, 24-27 have found 
it extremely useful in uncluttering the operative field 
and simplifying the operation. Others have pre- 
ferred to avoid bypass, u' 21, 31, 32 The choice proba- 
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bly reflects the bias of the surgeon in that surgeons 
with cardiac orientation seem to prefer bypass and 
surgeons with general thoracic orientation seem to 
avoid it. In the current series, bypass times were all 
within an acceptable and safe range. No series, 
including the current one, has included a complica- 
tion referable to its use, although one of our patients 
had unexplained and reversible ventricular dysfunc- 
tion that may have been caused by bypass in some 
fashion. We would suggest that cardiopulmonary 
bypass be available as a backup, particularly in the 
smallest infants, even if it is not used routinely. 
On the basis of the current series, we believe 
anterior costal cartilage tracheoplasty represents an 
attractive therapeutic option for infants with long- 
segment racheal stenosis, versatile enough to be 
applied to the most complex and extensive stenoses. 
In comparison with currently available alternative 
methods of treatment, it provides excellent func- 
tional results with a low rate of postoperative prob- 
lems. Thus we consider it the treatment of choice for 
long-segment tracheal stenosis in infancy. 
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Discussion 
Dr. Douglas J. Mathisen (Boston, Mass.). Anybody who 
works in this area appreciates the difficulties of dealing 
with these airway problems in these very tiny infants. 
There is no single accepted treatment for this problem. 
Because of that, persons who work in this area must be 
aware of all of the possibilities that exist to treat this 
problem so that they can tailor their solution to the 
individual problem according to the patient's needs and 
the surgeon's own technical abilities. For this reason, we 
are indebted to the authors for reintroducing this tech- 
nique and also for sharing with us their excellent results. 
The same thought holds true for the use of cardiopul- 
monary bypass. Certainly, cardiac surgeons are more 
familiar with this type of technique for maintaining oxy- 
genation and general thoracic surgeons are more familiar 
with using cross-incisional ventilation of the distal airway. 
There ma X be times when either technique is not suitable. 
Therefore we must be aware that cardiopulmonary b pass 
can be used safely. 
You have discussed the technical details of preparing 
the rib graft and tailoring the ends. Do you make any 
effort to tailor the graft in terms of its thickness? 
Second, do you make any attempt to cover the graft or 
separate it from the overlying innominate artery? Obvi- 
ously a ledk or a problem with the overlying artery may 
lead to catastrophic problems. Do you make any attempt 
to cover it~with any kind of pedicled viable tissue? 
One of the purported advantages of this technique is 
that it provides a more stable airway. I wonder whether it 
is absolutely necessary to leave these patients intubated 
for the length of time that you have used in this series. 
Certainly it is an improvement over the duration of 
intubation that has been required in other series in which 
other materials have been used, but I wonder whether 
even this could be shortened. Regardless of where the 
tube is positioned, the longer it is in place, the more likely 
it is to affect he end result and contribute to granulations. 
You showed us a beautiful demonstration f a postop- 
erative bronchoscopic study in One patient. Have you 
done biopsies to see if this is truly reepithelialized? This 
has always been one of the problems in dealing with the 
various substitutes. Is anything known about the fate of 
the cartilage graft? Have you done any radiologic studies 
or do you have any sense as to whether this free graft has 
been preserved over time or is it simply incorporated into 
the surrounding tissues? 
Finally, do you think that this technique has any appli- 
cability in shorter airway stenoses because of the excellent 
results you have achieved? 
Dr. Jaquiss. To answer your questions in sequence, we 
do nothing to thin the cartilage. It might have been helpful 
in the particular infant that I mentioned, but we do not do 
anything to split it. Technically speaking, we do not do 
anything to cover the graft, although other authors have 
done that, particularly with pericardial grafts, interposing 
thymus or mediastinal tissue to protect he graft. 
We have some early bronchoscopic results regarding 
the cartilage graft, but we have not done biopsies to 
confirm the presence or absence of respiratory mucosa. 
We do have some experimental data that suggest hat 
cartilage grafts in the airway become pithelialized by 2 to 
3 weeks with normal respiratory epithelium. 
We do not have long-term bronchoscopic data to 
indicate that the cartilage has grown or that the remainder 
of the airway has been allowed to grow by getting the 
children through this first particularly rocky period. That 
would be speculation on my part. 
For treating a short-segment s enoses, the tried-and- 
true approach is resection with primary end-to-end anas- 
tomosis. If the segment were short enough to allow that, I
would use that approach. 
I think we are more conservative than we need to be 
regarding duration of ventilatory support. When pericar- 
dium has been used, because of the floppiness of that 
material in the airway, it is reasonable to wait at least 10 
days to 2 weeks before attempting extubation so that the 
worry about the material prolapsing into the lumen is not 
present. I do not think that is necessary with cartilage, but 
we have not had the courage to undertake that experiment 
yet and have chosen to do what has worked for us. I 
certainly think that is an area of improvement that we 
could investigate. 
Dr. Gerhard Ziemer (Tuebingen, Germany). I would 
like to stress the last sentence of Dr. Jaquiss's abstract, 
namely, that the use of cardiopulmonary bypass does 
allow an unobstructed view of the tiny infant airway and 
does permit a precise repair. 
Formerly in Hannover and now in Tuebingen, I have 
experience with long-segment tracheal resection with car- 
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diopulmonary bypass in six infants, three of whom had 
extensive stenotic hypoplastic tracheal disease in the 
magnitude reported by Dr. Jaquiss. Besides using a major 
part of the slide procedures in a fashion similar to that just 
reported, we differ by doing extensive tracheobronchial 
dissection and perform resection and end-to-end anasto- 
mosis. 
In the first of these very long tracheal stenoses, we 
actually had to leave one ring cartilage in place, and the 
patient, now at the age of 4 years, will be reoperated on 
for a second resection. We then, despite certain concerns, 
added laryngeal release in two other infants. This laryn- 
geal release was performed by an ear, nose, and throat 
colleague using microsurgical techniques that included an 
additional oblique anterior neck incision before sternot- 
omy. This technique, widely known from operations in 
adults, clearly facilitated very long tracheal segment re- 
section in these infants without tension at the anastomo- 
sis. 
Dr. Jaquiss, despite your excellent results with this 
rather complicated technique, do you also still see some 
indications for mere resection in long-segment tracheal 
stenosis in infancy? 
Dr. Jaquiss. The limits of resection have been tested by 
Dr. Grillo and his colleagues at Massachusetts General 
Hospital in adults, and to some extent they have been 
tried in infants by other groups. In San Francisco attempts 
have been made at tackling very long-segment s enoses, 
up to 70% of the tracheal length. The results in that subset 
of patients, which is a small portion of a very small group 
of patients, have not been encouraging. I would be 
hesitant to apply simple resection and end-to-end anasto- 
mosis, even with adjunctive release maneuvers uch as 
hilar or laryngeal release. If the segment of trachea 
involved is more than 50%, I would be hesitant o apply 
resection. 
Dr. Carl L. Backer (Chicago, Ill.). Since 1982, 24 
children with long-segment tracheal stenosis, all with 
complete tracheal rings, have been operated on at Chil- 
dren's Memorial Hospital in Chicago. Our technique was 
first reported by the late Dr. Farouk Idriss at this meeting 
in New York City in 1984. Our approach as been similar 
to yours in many respects. All patients in our series were 
operated on with the use of cardiopulmonary b pass. Dr. 
Idriss also emphasized the suture placement outside of 
the tracheal lumen. However, in our patients, all of the 
tracheas were patched with autologouspericardiurn instead 
of the rib cartilage graft used in your patients. 
In our series there were two early deaths in the 24 
patients for an operative survival of 92%. The first death 
occurred in an 8-day-old child who had associated agen- 
esis of the right lung. The second death occurred in the 
only patient in our series with a significant patch dehis- 
cence, who died of mediastinitis after two reoperations. 
We have had three late deaths, all from airway complica- 
tions, at 5, 7 and 13 months after the operation. I would 
speculate that one of the advantages of the rib tracheo- 
plasty may be the avoidance of patch tracheomalacia and 
contraction, which was a problem in the patients who died 
late. 
I have one observatiola nd three questions. In our 
series of 24 patients there were eight who had associated 
pulmonary artery sling, or fully one third of the patients. 
It is striking that none of your patients had this associated 
anomaly, and I am curious as to how this was ruled out in 
these patients. 
My questions really focus on your choice of rib cartilage 
instead of pericardium. First, is the rib cartilage ver too 
short? In our series many of the tracheas were stenotic 
from the cricoid all the way to the carina, which can be 
about a 4 to 5 cm length, even in infants. One of the 
advantages of the pericardium is that it is always possible 
to harvest a long enough piece. In a similar vein, often the 
trachea is so narrow that when you finish the tracheoplasty 
the tracheal lumen is at least 50% pericardium. Have you 
had circumstances in which the rib cartilage is not wide 
enough? 
Do you think there is an increased risk of patch 
dehiscence when rib cartilage graft is used instead of 
pericardium? The pericardium seals very nicely and is not 
subject o the torque exerted by a rib, which is naturally 
curved. 
Dr. Jaquiss. I cannot comment on the absence of 
pulmonary artery slings or other vascular anomalies; we 
just did not see them. These children had all had echo- 
cardiography by the time they were referred to us. At 
sternotomy we did not encounter unexpected vascular 
anomalies, which has been reported in virtually every 
other series. 
In one instance the length of stenosis was substantial 
and necessitated end-to-end construction of a patch, a 
tracheoplasty, so that segments of two rib cartilages were 
laid end to end. That seemed to work quite well. 
We have never encountered a case in which the trachea 
was so narrow that the piece of rib was too narrow to 
provide an adequate lumen. I would not say that that is 
impossible. I am certain that it could happen. 
We have not had a problem with healing or air leaks. 
Most of the children have required an additional stitch or 
two when the repair was tested for being airtight, but we 
have not had the problem of torque of cartilage against 
cartilage, for example, or of sutures tearing through, and 
we have had no mediastinal soilage or mediastinitis. That 
probably reflects luck more than any technical skill. 
